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ABSTRACT

A solid-state imaging device including is provided. The
solid-state imaging device includes: pixels arrayed; a pho-
toelectric conversion element in each of the pixels; a read
transistor for reading electric charges photoelectrically-con-
verted in the photoelectric conversion elements to a floating
diffusion portion; a shallow trench element isolation region
bordering the floating diffusion portion; and an impurity
diffusion isolation region for other element isolation regions
than the shallow trench element isolation region.
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1
SOLID-STATE IMAGING DEVICE AND
CAMERA INCLUDING DISCRETE TRENCH
ISOLATION STRUCTURE

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application is a Continuation of application
Ser. No. 13/659,505, filed Oct. 24, 2012, which is a Con-
tinuation of application Ser. No. 12/003,981, filed Jan. 4,
2008, now U.S. Pat. No. 8,350,305, issued on Jan. 8, 2013,
and contains subject matter related to Japanese Patent Appli-
cation JP 2007-036620 filed in the Japanese Patent Office on
Feb. 16, 2007, the entire contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a solid-state imaging
device and a camera, and particularly relates to a MOS
(metal-oxide semiconductor) solid-state imaging device and
camera.

Description of the Related Art

Solid-state imaging devices include a charge-transfer
solid-state imaging device represented by a CCD (charge-
coupled device) image sensor and an amplification solid-
state imaging device represented by a MOS (metal-oxide
semiconductor) image sensor such as a CMOS (complemen-
tary metal-oxide semiconductor) image sensor. When com-
paring the CCD image sensor with the MOS image sensor,
the CCD image sensor may need a high driving voltage to
transfer signal electric charges, so that a power supply
voltage for the CCD image sensor may be higher than that
of the MOS image sensor.

Accordingly, a mobile phone unit incorporating a camera,
a PDA (personal digital assistant) and other mobile devices
typically use a CMOS image sensor as a solid-state imaging
device mounted thereon. The CMOS image sensor is advan-
tageous in that a power supply voltage is lower than that of
the CCD image sensor and power consumption is lower than
that of the CCD image sensor.

For insulating and isolating elements, a LOCOS (local
oxidation of silicon) (selective oxidation) element isolation
system or a STT (shallow trench isolation) element isolation
system is known as an element isolation system used in the
MOS image sensor (see Japanese Unexamined Patent Appli-
cation Publication No. 2002-270808). In particular, the STI
element isolation system has been widely used with pixels
increasingly miniaturized.

In a solid-state imaging device, the number of pixels has
been increased along with the resolution being improved,
and a pixel is further miniaturized because the solid-state
imaging device includes a large number of pixels.

SUMMARY OF THE INVENTION

Since the pixel is increasingly miniaturized as the number
thereof is increased in the MOS image sensor as described
above, the area of a photodiode serving as a photoelectric
conversion portion is reduced, with the result that a saturated
electric charge amount and the sensitivity are reduced.
Specifically, the number of electric charges photoelectri-
cally-converted per pixel, that is, the number of electrons per
pixel, is reduced and the saturated electric charge amount
(accordingly, saturated signal amount) decreases. This ten-
dency increases as the pixel is further miniaturized.
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When insulation and isolation based on the LOCOS
isolation system or STI isolation system is used as element
isolation, a dark current and a white spot may be caused on
an interface between the photodiode serving as the photo-
electric conversion element and the insulated and isolated
area.

It is desirable to provide a solid-state imaging device and
a camera in which the sensitivity is increased by improving
the conversion efficiency when converting electric charges
into a signal voltage, while suppressing the occurrence of a
dark current and a white spot.

According to an embodiment of the present invention,
there is provided a solid-state imaging device having arrayed
pixels that each include a photoelectric conversion element
and a read transistor for reading electric charges photoelec-
trically-converted in the photoelectric conversion element to
a floating diffusion portion. An element isolation region
bordering the floating diffusion portion is formed of a
shallow trench element isolation region, and other element
isolation regions are formed of an impurity diffusion isola-
tion region.

According to an embodiment of the solid-state imaging
device and the camera of the present invention, since the
element isolation region bordering the floating diffusion
portion is formed of the shallow trench element isolation
region, the capacity of the floating diffusion portion is
reduced, so that the conversion efficiency is increased. Since
other element isolation regions are formed of the impurity
diffusion isolation region, the occurrence of a dark current
and a white spot can be suppressed.

According to the embodiment of the solid state imaging
device and the camera of the present invention, it is possible
to increase the sensitivity by improving the conversion
efficiency while suppressing a dark current and a white spot.
Accordingly, the solid-state imaging device and the camera
of the embodiment are suitable for application to the solid-
state imaging device and the camera in which the area of a
pixel is reduced as the number of pixels is increased.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an example of an
arrangement of a MOS image sensor to which an embodi-
ment of the present invention is applied.

FIG. 2 is a circuit diagram showing an example of a
circuit arrangement of a unit pixel.

FIG. 3 is a circuit diagram showing another example of a
circuit arrangement of a unit pixel.

FIG. 4 is a diagram showing a solid-state imaging device
according to a first embodiment of the present invention, in
particular, showing main portions of a pixel array portion
thereof.

FIG. 5 is a cross-sectional view on the line D-D shown in
FIG. 4.

FIG. 6 is a diagram showing main portions of the unit
pixel shown in FIG. 4 in an enlarged-scale.

FIG. 7A is a cross-sectional view on the line A-A in FIG.
4; FIG. 7B is a cross-sectional view on the line B-B in FIG.
4; and FIG. 7C is a cross-sectional view on the line C-C in
FIG. 4.

FIGS. 8A and 8B are a plan view and a cross-sectional
view respectively showing an example of a gate electrode of
a pixel transistor.

FIGS. 9A and 9B are a plan view and a cross-sectional
view respectively showing another example of a gate elec-
trode of a pixel transistor.
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FIGS. 10A and 10B are a plan view and a cross-sectional
view respectively showing a further example of a gate
electrode of a pixel transistor.

FIGS. 11A and 11B are a plan view and a cross-sectional
view respectively showing yet another example of a gate
electrode of a pixel transistor.

FIG. 12 is a diagram showing a solid-state imaging device
according to a second embodiment of the present invention,
and in particular, showing main portions of a pixel array
portion thereof.

FIG. 13 A is a cross-sectional view on the line A-A in FIG.
12; FIG. 13B is a cross-sectional view on the line B-B in
FIG. 12; and FIG. 13C is a cross-sectional view on the line
C-C in FIG. 12.

FIG. 14 is a cross-sectional view showing a solid-state
imaging device according to a third embodiment of the
present invention, and in particular, showing main portions
of a pixel array portion thereof.

FIG. 15 is a circuit diagram showing an example of a pixel
sharing circuit arrangement to which an embodiment of the
present invention is applied.

FIG. 16 is a schematic diagram showing a configuration
of a camera according to an embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Conversion efficiency of the photoelectric conversion
when converting electric charges into a signal voltage has
been studied. Specifically, photoelectrically-converted elec-
tric charges are converted into a voltage and outputted as a
pixel signal from a circuit of the MOS image sensor. Hence,
even when the number of electrons (the amount of electric
charges) per pixel is small, a decrease in the number caused
by the reduction in the area of the photodiode can be
compensated for if the conversion efficiency that expresses
a signal voltage per electric charge is increased.

Conversion efficiency m is defined by the following equa-
tion (1). A unit is pV/e.

n= L GluV/e] [Equation 1]

" Crp

q: amount of electric charge per electron

Crp: total capacity relating to a floating diffusion portion

G: gain of source follower

The conversion efficiency 1 is proportional to the recip-
rocal number of the total capacity relating to the floating
diffusion portion and proportional to the gain G of the source
follower. Accordingly, the conversion efficiency 1 increases
by increasing the gain and decreasing the total capacity of
the floating diffusion portion. The total capacity of the
floating diffusion portion indicates all of the junction capaci-
tance of a diffusion layer, which becomes the floating
diffusion portion, the gate overlap capacity, the wiring
capacity of a wire connected to the floating diffusion portion
and other capacity relating to the floating diffusion portion.
Here, since the gain of the source follower is 1.0 at the
maximum and typically about 0.8, it is important to reduce
the total capacity Cr, of the floating diffusion portion for
improving the conversion efficiency n.

According to embodiments of a solid-state imaging
device and a camera of the present invention, the total
capacity relating to a floating diffusion portion is reduced to
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improve the conversion efficiency, and therefore a dark
current and a white spot can be suppressed.

The embodiments of the present invention will be
described below in detail with reference to the drawings.

FIG. 1 is a block diagram showing an example of a
configuration of an amplification solid-state imaging device,
such as a MOS (metal-oxide semiconductor) image sensor,
to which an embodiment of the present invention is applied.
As shown in FIG. 1, a MOS image sensor 10 according to
the embodiment has an area sensor configuration. The MOS
image sensor 10 includes a unit pixel 11 including a pho-
toelectric conversion element, for example, a photodiode, a
pixel array portion 12 including the unit pixels 11 arrayed in
a two-dimensional matrix, a vertical selecting circuit 13, a
column circuit 14 serving as a signal processing circuit, a
horizontal selecting circuit 15, a horizontal signal line 16, an
output circuit 17, a timing generator 18 and others.

Vertical signal lines 121 are wired in the pixel array
portion 12 for each column of the pixels arranged in a
matrix. A specific circuit arrangement of the unit pixel 11
will be described later. The vertical selecting circuit 13
includes a shift register and so on. The vertical selecting
circuit 13 outputs control signals, such as a transfer signal,
to drive a read transistor (hereinafter referred to as a “trans-
fer transistor”, and a read gate electrode is referred to as a
“transfer gate electrode”) 112 and a reset signal to drive a
reset transistor 113 for respective rows sequentially. As a
result, the respective unit pixels 11 in the pixel array portion
12 are selectively driven for respective rows.

The column circuit 14 is a signal processing circuit
provided for the pixels in the horizontal direction of the pixel
array portion 12, that is, for respective vertical signal lines
121, and includes a S/H (sample and hold) circuit and a CDS
(correlated double sampling) circuit and the like. The hori-
zontal selecting circuit 15 includes a shift register and so on.
The horizontal selecting circuit 15 sequentially selects sig-
nals outputted from the respective pixels 11 through the
column circuit 14 and outputs the results to the horizontal
signal line 16. Here, horizontal selecting switches are not
illustrated in FIG. 1 in order to simplify the description. The
horizontal selecting switches are sequentially turned
ON/OFF for respective columns by the horizontal selecting
circuit 15.

When the horizontal selecting circuit 15 selectively drives
the horizontal selecting switches, signals of the unit pixels
11 sequentially outputted from the column circuit 14 for
respective columns are supplied through the horizontal
signal line 16 to the output circuit 17, amplified and pro-
cessed at the output circuit 17 and outputted to the outside
of a device. The timing generator 18 generates various
timing signals, and drives and controls the vertical selecting
circuit 13, the column circuit 14 and the horizontal selecting
circuit 15 based on such signals.

FIG. 2 is a circuit diagram showing an example of a
circuit arrangement of the unit pixel 11. As shown in FIG. 2,
a unit pixel 11A according to the example includes three
pixel transistors of the transfer transistor 112, the reset
transistor 113 and an amplification transistor 114, in addition
to the photoelectric conversion element, for example, a
photodiode 111. Here, N-channel MOS transistors, for
example, are used as these pixel transistors 112, 113 and 114.

The transfer transistor 112 is connected between the
cathode of the photodiode 111 and the FD (floating diffu-
sion) portion 116 and transfers signal electric charges
(herein, electrons) photoelectrically-converted in the photo-
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diode 111 and accumulated therein to the FD portion 116
upon receiving a transfer pulse $TRG supplied to the gate
thereof.

The drain of the reset transistor 113 is connected to a
selection power supply SELVDD and the source thereof is
connected to the FD portion 116. Thus, when a reset pulse
¢RST is supplied to the gate of the reset transistor 113 before
signal electric charges are transferred from the photodiode
111 to the FD portion 116, the reset transistor 113 resets the
electric potential of the FD portion 116. The selection power
supply SELVDD selectively uses a VDD level and a GND
level as a power supply voltage.

The amplification transistor 114 has a source follower
arrangement in which the gate thereof is connected to the FD
portion 116, the drain thereof is connected to the selection
power supply SELVDD and the source thereof is connected
to the vertical signal line 121. When the selection power
supply SELVDD has a VDD level, the amplification tran-
sistor 114 is energized to select the pixel 11A and outputs
electric potential obtained from the FD portion 116 reset by
the reset transistor 113 to the vertical signal line 121 as a
reset level. Further, the amplification transistor 114 outputs
potential obtained from the FD portion 116 after signal
electric charges are transferred as a signal level to the
vertical signal line 121 by the transfer transistor 112.

FIG. 3 is a circuit diagram showing another example of a
circuit arrangement of the unit pixel 11. As shown in FIG. 3,
a unit pixel 11B according to the circuit example is a pixel
circuit which includes, in addition to the photoelectric
conversion element, for example, the photodiode 111, four
pixel transistors of the transfer transistor 112, the reset
transistor 113, the amplification transistor 114 and the selec-
tion transistor 115. Herein, N-channel MOS transistors, for
example, are used as these pixel transistors 112 to 115.

The transfer transistor 112 is connected between the
cathode of the photodiode 111 and the FD (floating diffu-
sion) portion 116 and transfers signal electric charges
(herein, electrons) photoelectrically-converted in the photo-
diode 111 and accumulated herein to the FD portion 116 in
response to the transfer pulse ¢TRG supplied to the gate
thereof.

The reset transistor 113 is connected at the drain thereof
to the power supply VDD and connected at the source
thereof to the FD portion 116 and resets electric potential of
the FD portion 116 when the reset pulse ¢RST is supplied to
the gate thereof before signal electric charges are transferred
from the photodiode 111 to the FD portion 116.

The selection transistor 115 is connected at the drain
thereof to the power supply VDD, connected at the source
thereof to the drain of the amplification transistor 114 and
turned ON in response to the selection pulse ¢SEL supplied
to the gate thereof to select the pixel 11B by supplying the
power supply VDD to the amplification transistor 114. It
should be noted that the selection transistor 115 may be
connected between the source of the amplification transistor
114 and the vertical signal line 121.

The amplification transistor 114 has a source follower
arrangement in which the gate thereof is connected to the FD
portion 116, the drain thereof is connected to the source of
the selection transistor 115 and the source thereof is con-
nected to the vertical signal line 121, respectively. The
amplification transistor 114 outputs electric potential of the
FD portion 116 after reset by the reset transistor 113 to the
vertical signal line 121 as a reset level. Further, the ampli-
fication transistor 114 outputs electric potential of the FD
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portion 116 after signal electric charges are transferred by
the transfer transistor 112 to the vertical signal line 121 as a
signal level.

Next, an embodiment of a pixel array portion according to
the present invention, which is applied to the above-men-
tioned pixel array portion 12, will be described.

FIG. 4 to FIGS. 7A, 7B and 7C show a solid-state imaging
device, in this embodiment, a CMOS image sensor accord-
ing to a first embodiment of the present invention, and in
particular, a first embodiment of a pixel array portion
thereof.

FIG. 4 shows an example of a layout of a pixel array
portion 12 according to the embodiment of the present
invention. In this embodiment, as shown in FIG. 4, the pixel
array portion includes an array of a plurality of unit pixels
11 formed of a photodiode 22 serving as a photoelectric
conversion element and three pixel transistors, that is, a
transfer transistor Trl, a reset transistor Tr2 and an ampli-
fication transistor Tr3. In this example, each of the transis-
tors Trl to Tr3 is formed of a n-channel MOS transistor.

As shown in FIGS. 4 and 5 (FIG. 5 is a cross-sectional
view on the line D-D in FIG. 4), a first conductivity-type
semiconductor substrate, in this example, a n-type silicon
substrate 20, is provided with a second conductivity-type,
for example, a p-type semiconductor well region 21 formed
thereon. The photodiode 22 is formed in the p-type semi-
conductor well region 21 and includes a n-type semicon-
ductor region (diffusion layer) 23 which becomes a charge
accumulation region and a p-type accumulation layer 24 to
suppress a dark current on the surface of the n-type semi-
conductor region (diffusion layer) 23.

The transfer transistor Trl includes the photodiode 22 as
the source thereof, the n-type semiconductor region (diffu-
sion layer) 25, which becomes the floating diffusion (FD)
portion formed in the p-type semiconductor well region 21,
as the drain thereof and the transfer gate electrode 27 formed
through a gate-insulated film 26.

The reset transistor Tr2 includes the n-type semiconductor
region 25, which becomes the floating diffusion (FD) portion
as the source thereof, a n-type semiconductor region (dif-
fusion layer) 28 formed in the p-type semiconductor well
region 21 as the drain thereof and a reset gate electrode 29
formed through the gate-insulated film 26.

The amplification transistor Tr3 includes n-type semicon-
ductor regions (diffusion layers) 31 and 28 formed in the
p-type semiconductor well region 21 as the source and drain
thereof and an amplification gate electrode 32 formed
through the gate-insulated film 26.

Then, according to an embodiment of the present inven-
tion, in particular, as shown in FIG. 6 (FIG. 6 is an enlarged
diagram of main portions in FIG. 4) and FIGS. 7A, 7B and
7C (FIG. 7A s a cross-sectional view on the line A-A in FIG.
6, FIG. 7B is a cross-sectional view on the line B-B in FIG.
6 and FIG. 7C is a cross-sectional view on the line C-C in
FIG. 6), an element isolation region bordering the n-type
semiconductor region 25 which becomes the floating diffu-
sion (FD) portion is formed as follows. Specifically the
n-type semiconductor region 25 is formed by a STI element
isolation region (hereinafter referred to as a “shallow trench
element isolation region”) 36. The shallow trench element
isolation region 36 is formed such that a trench 34 formed
in the substrate 21 is filled with an insulating film, for
example, a silicon oxide film 35, and another element
isolation region is formed by a diffusion isolation region
formed of an impurity diffusion portion (hereinafter referred
to as an “impurity diffusion isolation region™) 37. In this
example, the impurity diffusion isolation region 37 is formed
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of a p-type semiconductor region, that is, an opposite
conductivity type to those of the diffusion layers 25, 28 and
31 of the respective transistors Trl to Tr3.

Also, an insulating film 39 having a film thickness equal
to that of the gate-insulated film 26 is formed on the whole
surface of the shallow trench element isolation region 36 and
the impurity diffusion isolation region 37. The insulating
film 39 on the element isolation regions 36 and 37 is
substantially formed of the gate-insulated film 26 of the
transistor, that is, an extended portion of the gate-insulated
film 26. The insulating film other than the insulating film 39
equal to the gate-insulated film is not formed on the element
isolation regions 36 and 37. Accordingly, a whole area from
the active region of the transistor to the element isolation
regions 36 and 37 becomes a planarized surface. Part of the
transfer gate electrode 27, the reset gate electrode 29 and the
amplification gate electrode 32 of each of the transistors Trl
to Tr3 is extended from the channel region to the impurity
diffusion isolation region 37.

The respective gate electrodes 27, 29 and 32 of the
respective transistors Trl to Tr3 include first portions cor-
responding to channel regions 41, 42 and 43 that are active
regions and second portions extended from the channel
region to the element isolation region (that is, impurity
diffusion isolation region) 37, which are made of different
materials. While the gate electrodes 27, 29 and 32 are made
of polysilicon amorphous silicon, in this example, polysili-
con impurities doped into the first portions are made differ-
ently from the second portions. FIGS. 8A and 8B to FIGS.
11A and 11B show respective examples. Here, the symbol S
denotes a source region, the symbol D denotes a drain region
and the reference numeral 37 denotes the diffusion isolation
region.

In the examples shown in FIGS. 8A and 8B, a first portion
of the gate electrode [27, 29, 32] is formed of n-type
impurity doped polysilicon and a second portion 47 is
formed of p-type impurity doped polysilicon (first portion/
second portion are formed of n-type impurity doped poly-
silicon/p-type impurity doped polysilicon).

In the examples shown in FIGS. 9A and 9B, the first
portion 46 of the gate electrode [27, 29, 32] is formed of
p-type impurity doped polysilicon and the second portion 47
is formed of n-type impurity doped polysilicon (first portion/
second portion are formed of p-type impurity doped poly-
silicon/n-type impurity doped polysilicon).

In the examples shown in FIGS. 10A and 10B, the first
portion 46 of the gate electrode [27, 29, 32] is formed of
n-type impurity doped polysilicon and the second portion 47
is formed of non-doped polysilicon (first portion/second
portion are formed of n-type impurity doped polysilicon/
non-doped polysilicon).

In the examples shown in FIGS. 11A and 11B, the first
portion 46 of the gate electrode [27, 29, 32] is formed of
p-type impurity doped polysilicon and the second portion 47
is formed of non-doped polysilicon (first portion/second
portion are formed of p-type impurity doped polysilicon/
non-doped polysilicon).

According to the MOS image sensor of a first embodi-
ment of the present invention, the element isolation region
bordering the n-type semiconductor region 25 which
becomes the floating diffusion portion is formed by the
shallow trench element isolation region 36 in which the
insulating film 35 is filled into the trench 34. A capacity
formed between the n-type semiconductor region 25 of the
floating diffusion portion and the substrate is reduced. As a
result, the total capacity Cr, of the floating diffusion portion
can be reduced and the conversion efficiency when photo-
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electrically-converted electric charges are converted into a
signal voltage can be increased. Accordingly, even when the
number of photoelectrically-converted electric charges, that
is, the number of electrons, is reduced as the pixel is
miniaturized, a high conversion efficiency can be obtained
so that the sensitivity of the MOS image sensor can be
improved. On the other hand, since the element isolation
region at the region other than the region bordering the
floating diffusion portion is formed of the p-type impurity
diffusion isolation region 37, the occurrence of a dark
current and a white spot can be suppressed.

Also, since only the insulating film having the film
thickness equal to that of the gate-insulated film, in this
example, the same insulating film 39 as the gate-insulated
film 26 is formed on the element isolation regions 36 and 37,
the gate electrode can be prevented from overlapping the
element isolation regions 36 and 37. Thus, even when the
pixel is miniaturized increasingly, the structure can be
simplified without making the structure on the surface
complicated.

Further, if the gate electrodes 27, 29 and 32 of the
respective transistors Trl to Tr3 have the combined struc-
tures in which the first portions 46 corresponding to the
channel regions and the second portions 47 corresponding to
the impurity diffusion isolation regions 37 are formed of
different materials, that is, n-type impurity doped materials,
p-type impurity doped materials and non-doped materials,
then even when a gate voltage is applied to the first portion,
a gate voltage is not applied to the second portion. That is,
since a pn-junction is formed at a boundary between the first
and second portions 46 and 47, or the second portion 47 is
formed of the non-doped material and has a high resistance
to act substantially as an insulating material, a gate voltage
is not applied to the second portion 47. Accordingly, a
parasitic MOS transistor that uses the second portion 47 as
a parasitic gate can be prevented from being formed. As a
result, it is possible to prevent electric charges from being
leaked from the channel region to the channel side (impurity
diffusion isolation region 37) and to prevent electric charges
from being leaked into the adjacent pixels reliably.

FIG. 12 and FIGS. 13A to 13C show a solid-state imaging
device, in this example, a MOS image sensor according to
a second embodiment of the present invention, and in
particular, a second embodiment of a pixel array portion
thereof. FIG. 12 and FIGS. 13A to 13C correspond to FIG.
6 and FIGS. 7A to 7C according to the above-described first
embodiment of the present invention, respectively. The rest
of arrangement is similar to those shown in FIGS. 4 and 5.
In FIG. 12 and FIGS. 13A to 13C, elements and parts
identical to those of FIG. 6 and FIGS. 7A to 7C are denoted
by identical reference numerals.

Also, in the second embodiment of the present invention,
similarly to the above description made with reference to
FIGS. 4 and 5, the solid-state imaging device includes an
array of a plurality of unit pixels 11 including the photodiode
22 which is the photoelectric conversion element and the
three pixel transistors, that is, the read transistor (hereinafter
referred to as a “transfer transistor”) Trl, the reset transistor
Tr2 and the amplification transistor Tr3. In this embodiment,
each of'the transistors Trl to Tr3 is composed of a n-channel
MOS transistor.

Also, as similarly shown in FIGS. 4 and 5, the first
conductivity-type semiconductor substrate, that is, the
n-type silicon substrate 20 is provided with the second
conductivity-type, for example, the p-type semiconductor
well region 21 formed thereon. The photodiode 22 is formed
in the p-type semiconductor well region 21 and includes the
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n-type semiconductor region (diffusion layer) 23 which
becomes the charge accumulation region and the p-type
accumulation layer 24 to suppress a dark current on the
surface of the n-type semiconductor region (diffusion layer)
23.

The transfer transistor Trl includes the photodiode 22 as
the source thereof, the n-type semiconductor region (diffu-
sion layer) 25, which becomes the floating diffusion (FD)
portion formed in the p-type semiconductor well region 21,
as the drain thereof and the transfer gate electrode 27 formed
through the gate-insulated film 26.

The reset transistor Tr2 includes the n-type semiconductor
region 25, which becomes the floating diffusion (FD) por-
tion, as the source thereof, the n-type semiconductor region
(diffusion layer) 28 formed in the p-type semiconductor well
region 21 as the drain thereof and the reset gate electrode 29
formed through the gate-insulated film 26.

The amplification transistor Tr3 includes the n-type semi-
conductor regions (diffusion layers) 31 and 28 formed in the
p-type semiconductor well region 21 as the source and drain
thereof and the amplification gate electrode 32 formed
through the gate-insulated film 26.

Then, according to the second embodiment of the present
invention, in particular, as shown in FIG. 12 and FIGS. 13A
to 13C (FIG. 13A is a cross-sectional view on the line A-A
in FIG. 12, FIG. 13B is a cross-sectional view on the line
B-Bin FIG. 12 and FIG. 13C is a cross-sectional view on the
line C-C in FIG. 12), the element isolation region is formed
as follows. Accordingly, the element isolation region
extends from the region bordering the n-type semiconductor
region 25 which becomes the floating diffusion (FD) portion
along the transfer channel region to the region extending to
a portion under the transfer gate electrode. The element
isolation region is formed by a shallow trench element
isolation region 36 in which the trench 34 formed in the
substrate 21 is filled with the insulating film, for example,
the silicon oxide film 35. The other element isolation region
is formed of the impurity diffusion isolation region 37 made
of an impurity diffusion portion. In this example, the impu-
rity diffusion isolation region 37 is formed of a p-type
semiconductor region, that is, a conductivity type, opposite
to those of the diffusion layers 25, 28 and 31 of the
respective transistors Trl to Tr3.

An end portion of the shallow trench element isolation
region 36 extended under the transfer gate electrode is not in
contact with the n-type semiconductor region 23 which is
the charge accumulation region of the photodiode, and
instead, the impurity diffusion isolation region 37 is pro-
vided between the end of the extended portion of the shallow
trench element isolation region 36 and the photodiode 22.

Also, as shown in FIGS. 13A to 13C, an insulating film 39
having a film thickness equal to that of the gate-insulated
film 26 is formed on the whole surface of the shallow trench
element isolation region 36 and the impurity diffusion
isolation region 37. The insulating film 39 on the element
isolation regions 36 and 37 is substantially formed of the
gate-insulated film 26 of the transistor, that is, the extended
portion of the gate-insulated film 26. The insulating film
other than the insulating film 39 equal to the gate-insulated
film 26 is not formed on the element isolation regions 36 and
37. Accordingly, the whole area from the active region of the
transistor to the element isolation regions 36 and 37 is
thoroughly formed as a planarized surface. A part of the
transfer gate electrode 27, the reset gate electrode 29 and the
amplification gate electrode 32 of the respective transistors
Trl to Tr3 is extended from the channel region to the
impurity diffusion isolation region 37.

10

15

20

25

30

35

40

45

50

55

60

65

10

According to the second embodiment of the present
invention, in the respective gate electrodes 27, 29 and 32 of
the respective transistors Trl to Tr3, the first portions
corresponding to channel regions 41, 42 and 43 which are
active regions and the second portions extended from the
channel region to the impurity diffusion isolation region 37
can be made of different materials similarly to the above-
described respective examples shown in FIG. 8 to FIGS.
11A to 11C.

According to the MOS image sensor of the second
embodiment of the present invention, the element isolation
region bordering the n-type semiconductor region 25 which
is the floating diffusion portion is formed by the shallow
trench element isolation region 36 in which the insulating
film 35 is filled into the trench 34. As a result, the total
capacity C, of the floating diffusion portion can be reduced
and the conversion efficiency when photoelectrically-con-
verted electric charges are converted into a signal voltage
can be increased. Accordingly, even when the number of
photoelectrically-converted electric charges, that is, the
number of electrons, is reduced as the pixel is miniaturized,
a high conversion efficiency can be obtained so that the
sensitivity of the MOS image sensor can be improved.

Further, since a part of the shallow trench element isola-
tion region 36 is extended under the transfer gate electrode
27, electric charges can be read readily from the photodiode
22 to the floating diffusion portion 25. That is, if the element
isolation region at the side of the transfer channel is formed
of the p-type impurity diffusion isolation region 37, p-type
impurities may be diffused readily in the annealing process
of the manufacturing process from the impurity diffusion
isolation region to the portion under the transfer gate elec-
trode, that is, the transfer channel region. When the p-type
impurities are diffused into the transfer channel region, a
threshold voltage Vt of the transfer transistor Trl is
increased effectively, which may cause difficulty in reading
electric charges. However, according to the second embodi-
ment of the present invention, the shallow trench element
isolation region 36 can prevent p-type impurities from being
diffused from the impurity diffusion isolation region to the
transfer channel region in the annealing process, so that the
threshold voltage Vt can be prevented from being raised.

Also, since a part of the shallow trench element isolation
region 36 is formed extending under the transfer gate
electrode 27, it is possible to prevent electric charges from
being leaked from the transfer channel region to the impurity
diffusion isolation region 37 at the side of the channel.

On the other hand, since the element isolation region in
the region other than the region extended from the portion
bordering the floating diffusion portion to a portion under
the part the transfer gate electrode is formed of the p-type
impurity diffusion isolation region 37, it is possible to
suppress the occurrence of a dark current and a white spot.

Further, when the first portion 46 in which the gate
electrodes 27, 29 and 32 of the respective transistors Trl to
Tr3 correspond to the channel regions and the second
portion 47 corresponding to the impurity diffusion isolation
region 37 are formed of different materials as mentioned
above, it is possible to prevent the parasitic MOS transistor
having the second portion 47 as the parasitic gate from being
formed. Also, it is possible to reliably prevent electric
charges from being leaked from the channel region to the
channel side (impurity diffusion isolation region 37), or it is
possible to reliably prevent electric charges from being
leaked to the adjacent pixels.

According to the first and second embodiments of the
present invention, the whole surface of the shallow trench
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element isolation region 36 and the impurity diffusion
isolation region 37 is planarized by forming the insulating
film 39 having the film thickness equal to that of the
gate-insulated film 26. However, an embodiment of the
present invention is not limited thereto and, as shown in a
third embodiment of the present invention shown in FIG. 14,
an insulating film 48 thicker than the gate-insulated film 26,
for example, a silicon oxide film, can be formed on the
impurity diffusion isolation region 37. The rest of arrange-
ment is similar to that of the first embodiment of the present
invention or that of the second embodiment of the present
invention.

In the case of the above-described arrangement, differ-
ently from the arrangement shown in FIGS. 8A and 8B to
FIGS. 11A and 11B, the first portion corresponding to the
active region and the second portion corresponding to the
element isolation region may be made of the same material.
Since the insulating film 48 having the large thickness is
formed on the impurity diffusion isolation region 37, even
when the gate electrode overlaps the thick insulating film 48,
it is possible to prevent a parasitic MOS transistor from
being formed.

Also, according to the third embodiment of the present
invention shown in FIG. 14, the element isolation region
bordering at least the floating diffusion portion is formed of
the shallow trench element isolation region 36. Accordingly,
the conversion efficiency can be enhanced, and the sensi-
tivity can be increased even when the pixel is miniaturized.
Further, since the other element isolation region is formed of
the impurity diffusion isolation region 37, it is possible to
suppress the occurrence of a dark current and a white spot.

Embodiments of the present invention are suitable for
application to a MOS image sensor having an arrangement
in which pixel transistors other than the transfer transistor is
shared with a plurality of pixels (for example, two pixels,
four pixels, etc.). This arrangement hereinafter will be
referred to as a “pixel sharing arrangement”. According to
the pixel sharing MOS image sensor, electric charges from
two photodiodes are alternately read at one floating diffusion
portion depending on the layout. For example, when a
solid-state imaging device is of a four-pixel sharing, two
floating diffusion portions are formed and the two floating
diffusion portions are electrically connected by wiring. For
this reason, a total capacity of the floating diffusion portions
may be increased. Therefore, if the element isolation region
in which the shallow trench element isolation region and the
impurity diffusion isolation region are combined is applied
to the solid-state imaging device as an element isolation
region, then it is possible to improve conversion efficiency
by reducing the total capacity of the floating diffusion
portions.

FIG. 15 shows an example of an equivalent circuit of a
MOS image sensor in which pixel transistors are shared with
four pixels. As shown in FIG. 15, an equivalent circuit
according to this embodiment includes four photodiodes
PD1, PD2, PD3, PD4, four transfer transistors TrG1, TrG2,
TrG3, TrG4, two floating diffusion portions FD1, FD2, a
shared reset transistor TrRST, an amplification transistor
TrAMP and a selection transistor TrSEL.

The first and third photodiodes PD1 and PD3 are con-
nected through the transfer transistors TrG1 and TrG3 to the
first floating diffusion portion FD1. Also, the second and
fourth photodiodes PD2 and PD4 are connected through the
transfer transistors TrG2 and TrG4 to the second floating
diffusion portion FD2. Transfer wirings 51, 52, 53 and 54 for
supplying transfer pulses are respectively connected to the
gates of the first to fourth transfer transistors TrG1 to TrG4.
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The first and second floating diffusion portions FD1 and
FD2 are connected in common to the gate of the amplifi-
cation transistor TrAMP and to the source of the reset
transistor TrRST. A power supply wiring (VDD) 56 is
connected to the drain of the reset transistor TrRST and the
drain of the amplification transistor TrAMP. A reset wiring
57 for supplying a reset pulse is connected to the gate of the
reset transistor TrRST.

The source of the amplification transistor TrAMP is
connected to the drain of the selection transistor TrSEL, the
source of the selection transistor TrSEL is connected to a
vertical signal line 59 and the gate of the selection transistor
TrSEL is connected to a selection wiring 58 for supplying a
selection pulse.

In the above-described circuit arrangement, electric
charges photoelectrically-converted at the respective photo-
diodes PD1 to PD4 are sequentially read to the correspond-
ing first and second floating diffusion portions FD1 and FD2
with a time difference, converted into a pixel signal at the
amplification transistor TrAMP and outputted to the vertical
signal line 59. The electric charges read to the first and
second floating diffusion portions FD1 and FD2 are con-
verted into the pixel signal and reset through the reset
transistor TrRST.

According to a fourth embodiment of the present inven-
tion, the MOS image sensor includes the pixel array portion
in which the equivalent circuit of the four-pixel sharing
structure shown in FIG. 14 is arrayed. The element isolation
regions bordering the first and second floating diffusion
portions FD1 and FD2 are formed of the shallow trench
element isolation regions, and the other element isolation
regions are formed of the impurity diffusion isolation
regions, thereby obtaining an element isolation structure
similar to those of the above-described first and second
embodiments of the present invention.

According to the fourth embodiment of the present inven-
tion, since the first and second floating diffusion portions
FD1 and FD2 are electrically connected in the four-pixel
sharing arrangement, the capacity at the floating diffusion
portions FD1 and FD2 increases. However, since the ele-
ment isolation regions bordering the floating diffusion por-
tions FD1 and FD2 are formed of the shallow trench element
isolation regions, the capacity at the floating diffusion por-
tion can be reduced, and hence the conversion efficiency can
be improved. Accordingly, based on a combination of the
shallow trench element isolation region and the impurity
diffusion isolation region, it is possible to increase the
sensitivity by improving the conversion efficiency while
suppressing the occurrence of a dark current and a white
spot.

According to the MOS image sensor, the reset transistor
constituting the pixel may be formed with a distance from
the floating diffusion portion. In this arrangement, a diffu-
sion layer that is to be the floating diffusion portion and the
source region of the reset transistor are connected by wiring.
If an embodiment of the present invention is applied to the
arrangement, as shown in the first and second embodiments
of the present invention, the element isolation region of the
region at least bordering the floating diffusion portion is
formed of the shallow trench element isolation region. In
addition, the element isolation region bordering the circum-
ference of the source region (diffusion layer) of the inde-
pendently formed reset transistor also is formed of the
shallow trench element isolation region. The other element
isolation regions are formed of the impurity diffusion iso-
lation regions.
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According to the above-mentioned fifth embodiment of
the present invention, the sensitivity can be improved by
increasing the conversion efficiency while suppressing the
occurrence of a dark current and a white spot.

While the n-channel MOS transistor is applied as respec-
tive pixel transistors to the solid-state imaging device
according to the above-described embodiments, the present
invention is not limited thereto, and a p-channel MOS
transistor can be applied to the solid-state imaging device as
a pixel transistor. In the case of the n-channel MOS tran-
sistor, the n-type is set to the first conductivity type and the
p-type is set to the second conductivity type in the above-
mentioned embodiments. In the case of the p-channel MOS
transistor, the p-type is set to the first conductivity type and
the n-type is set to the second conductivity type. That is, the
n-channel and the p-channel have opposite conductivity
types.

Also, the above-described embodiments of the present
invention are applied, for example, to the area sensor in
which pixels are arrayed in a two-dimensional matrix. The
present invention is not limited to the application to the area
sensor and can be applied to a linear sensor (line sensor) in
which the above-described pixels are linearly arrayed one-
dimensionally.

FIG. 16 is a schematic cross-sectional view showing a
camera according to an embodiment of the present inven-
tion. The camera according to the embodiment of the present
invention is a video camera capable of capturing still images
or moving images, for example.

As shown in FIG. 16, the camera according to the
embodiment of the present invention includes a MOS image
sensor 10, an optical system 210, a shutter device 211, a
drive circuit 212 and a signal processing circuit 213.

The optical system 210 focuses image light (incident
light) reflected from an object on an imaging screen of the
MOS image sensor 10. As a result, signal electric charges are
accumulated in the MOS image sensor 10 for a specific
period.

The shutter device 211 is configured to control a light
irradiation period and a light shaded period for the MOS
image sensor 10.

The drive circuit 212 is configured to supply drive signals
to control transfer operations of the MOS image sensor 10
and shutter operations of the shutter device 211. The MOS
image sensor is configured to transfer signals upon receiving
a drive signal (timing signal) supplied from the drive circuit
212. The signal processing circuit 213 is configured to carry
out various kinds of signal processing. An image signal
obtained after signal processing is stored in a storage
medium, such as a memory, or outputted to a monitor.

The above-described solid-state imaging device accord-
ing to the embodiments of the present invention, specifically,
the MOS image sensor, is suitable for the application to a
solid-state imaging device mounted on mobile devices, such
as a mobile phone unit with a camera and a PDA.

In particular, according to the embodiments of the present
invention, the conversion efficiency can be improved while
suppressing the occurrence of a dark current and a white
spot, if the area of the photodiode, which is the photoelectric
conversion element, is miniaturized along with the pixel size
being reduced as the number of pixels is increased.

It should be understood by those skilled in the art that
various modifications, combinations, subcombinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.
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What is claimed:

1. An imaging device comprising:

a plurality of photoelectric conversion elements including
a first photoelectric conversion element and a second
photoelectric conversion element;

a floating diffusion portion;

a first transfer transistor configured to transfer charges
generated in the first photoelectric conversion element
to the floating diffusion portion;

an impurity diffusion isolation region formed between the
first photoelectric conversion element and the second
photoelectric conversion element; and

a first discrete trench isolation structure, wherein

the floating diffusion portion contacts a portion of the first
discrete trench isolation structure,

a gate electrode of the first transfer transistor covers a
portion of the first discrete trench isolation structure,
and

the first discrete trench isolation structure is not in contact
with the first photoelectric conversion element.

2. The imaging device according to claim 1, further
comprising a second transfer transistor configured to transfer
charges generated in the second photoelectric conversion
element to the floating diffusion portion.

3. The image device according to claim 1, further com-
prising a reset transistor disposed between the floating
diffusion portion and a predetermined voltage.

4. The imaging device according to claim 3, wherein the
first discrete trench isolation structure is in contact with the
reset transistor.

5. The imaging device according to claim 3, further
comprising a selection transistor, wherein a gate electrode of
the selection transistor is connected to the floating diffusion
portion.

6. The imaging device according to claim 1, wherein the
first discrete trench isolation structure is formed by a shal-
low trench structure.

7. The image device according to claim 1, wherein the
gate electrode of the first transfer transistor includes poly-
silicon.

8. The imaging device according to claim 1, wherein the
impurity diffusion isolation region is different shape struc-
ture from the first discrete trench isolation structure.

9. The imaging device according to claim 1, further
comprising a planarized insulating film formed on the first
discrete trench isolation structure and the impurity diffusion
isolation region.

10. The imaging device according to claim 9, wherein a
film thickness of the planarized insulating film is greater
than or equal to a film thickness of a gate-insulated film.

11. The imaging device according to claim 1, wherein the
first photoelectric conversion element is not directly in
contact with the floating diffusion portion.

12. The imaging device according to claim 1, further
comprising a second discrete trench isolation structure on an
opposite side of the floating diffusion as the first discrete
trench isolation structure.

13. A camera device, comprising:

an optical system;

an imaging device including:

a plurality of photoelectric conversion elements having a
first photoelectric conversion element and a second
photoelectric conversion element,

a floating diffusion portion,

a first transfer transistor configured to transfer charges
generated in the first photoelectric conversion element
to the floating diffusion portion,
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an impurity diffusion isolation region formed between the
first photoelectric conversion element and the second
photoelectric conversion element, and

a first discrete trench isolation structure; and

a signal processing circuit, wherein

the floating diffusion portion contacts a portion of the first
discrete trench isolation structure,

a gate electrode of the first transfer transistor covers a
portion of the first discrete trench isolation structure,
and

the first discrete trench isolation structure is not in contact
with the first photoelectric conversion element.

14. The camera device according to claim 13, further
comprising a second transfer transistor configured to transfer
charges generated in the second photoelectric conversion
element to the floating diffusion portion.

15. The camera device according to claim 13, further
comprising a reset transistor disposed between the floating
diffusion portion and a predetermined voltage.

16. The camera device according to claim 15, wherein the
first discrete trench isolation structure is in contact with the
reset transistor.

17. The camera device according to claim 15, further
comprising a selection transistor, wherein a gate electrode of
the selection transistor is connected to the floating diffusion
portion.
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18. The camera device according to claim 13, wherein the
first discrete trench isolation structure is formed by a shal-
low trench structure.

19. The camera device according to claim 13, wherein the
gate electrode of the first transfer transistor includes poly-
silicon.

20. The camera device according to claim 13, wherein the
impurity diffusion isolation region is different shape struc-
ture from the first discrete trench isolation structure.

21. The camera device according to claim 13, further
comprising a planarized insulating film formed on the first
discrete trench isolation structure and the impurity diffusion
isolation region.

22. The camera device according to claim 21, wherein a
film thickness of the planarized insulating film is greater
than or equal to a film thickness of a gate-insulated film.

23. The camera device according to claim 13, wherein the
first photoelectric conversion element is not directly in
contact with the floating diffusion portion.

24. The camera device according to claim 13, further
comprising a second discrete trench isolation structure on an
opposite side of the floating diffusion as the first discrete
trench isolation structure.

#* #* #* #* #*



